Summary. Newly ovulated eggs from mature queens treated with PMSG and hCG were inseminated in modified KRB solution with spermatozoa recovered from the cauda epididymidis of male cats. When 5 eggs were examined 15 min after insemination, no signs of sperm penetration into the vitellus were observed. However, in an egg examined before fixation 20 min after insemination, a spermatozoon whose head had passed through the zona pellucida was observed. Very high proportions (90\ p=n-\ 100%) of the eggs were penetrated when they were examined 0\m=.\5\p=n-\5h after insemination. Male and female pronuclei were first observed in eggs examined 4 h after insemination.
Introduction
Although in-vitro fertilization of mammalian eggs has been reported for various species (see reviews by Rogers, 1978; Niwa, 1983) , there are only two reports on in-vitro fertilization of cat eggs. reported that cat eggs could be fertilized in vitro by ejaculated spermatozoa which had been incubated in the uterus of oestrous female cats. Bowen (1977) demonstrated that spermatozoa recovered from the ductus deferens were able to fertilize recently ovulated cat eggs in vitro. In these studies, however, the primary criterion used as an indicator of fertilization was cleavage to at least the 2-cell stage. We have examined earlier events of fertilization with spermatozoa obtained from the epididymis of the cat.
Materials and Methods
The medium used for manipulation and incubation of gametes was a modified Krebs-Ringerbicarbonate (m-KRB) solution (94-6 mM-NaCl, 4-78 mM-KCl, 1-71 mM-CaCl2, 1-19 mM-KH2P04, 1-19 mM-MgS04, 2507 mM-NaHC03, 21-58 mM-sodium lactate, 0-5 mM-sodium pyruvate, 5-56 mM-glucose, 4 mg bovine serum albumin (BSA)/ml, 50 µg streptomycin sulphate/ml and 75 µg potassium penicillin G/ml), as described by Toyoda & Chang (1974) for in-vitro fertilization of rat eggs.
Adult queens (2-7-4-1 kg body wt) of unknown reproductive history were induced to superovulate by a s.c. injection of 150 i.u. PMSG (Serotropin: Teikoku-Zoki Co., Tokyo, Japan) followed by an i.m. injection of 100 i.u. hCG (Puberogen: Sankyo Co., Tokyo, Japan) 72 h later. Since ovulation occurs 24-28 h after mating or gonadotrophin injection (Greulich, 1934; , the cats were anaesthetized with i.m. injections of droperidol (0-1 mg/kg body wt) and ketamine HC1 (20 mg/kg body wt), given 30 min apart 31-32 h after the injection of hCG, or killed by further intra-cardiac injection of about 300 mg pentobarbitone sodium and an ovariohysterectomy was performed. In 9 queens used, 6-21 (average ovulation points/queen were observed in the ovaries but only 2-13 (average 7-2) eggs/queen were flushed from the oviducts. The eggs with cumulus cells were washed twice with the medium and introduced into 0-4 ml medium which had been covered with warm paraffin oil in a plastic culture dish (35 11 mm). The dish was kept for about 30 min in a C02 incubator (5% C02 in air at 37°C) until spermatozoa were added for insemination.
Adult male cats (4-5-6-3 kg body wt) were anaesthetized with droperidol (0-1 mg/kg body wt) and ketamine HC1 (20 mg/kg body wt), and one epididymis with the ductus deferens was removed with the testis through a scrotal incision. The other epididymis was removed and used within 3 months after the first operation. The cauda epididymidis with the ductus deferens was cut off and transferred into a culture dish (35 11 mm) filled with warm paraffin oil. The spermatozoa were collected by flushing the cauda epididymidis through the ductus deferens from a point 2-2-5 cm from the end of the cauda epididymidis with 0-15-0-2 ml medium by means of a 30-gauge needle attached to a syringe. Great care was taken to avoid the contamination of blood and tissue exúdate into the sperm suspension. Just after collection, 20-30 µ of the sperm suspension were introduced into 0-4 ml medium covered with warm paraffin oil in a culture dish. About 5 min later, 20 µ of the diluted sperm suspension were added into 0-4 ml medium including eggs for insemination. Sperm concentration at insemination was 0-2-1-8 106 cells/ml. After the eggs were incubated with spermatozoa at 37°C for 0-25-5 h in a C02 incubator, 2-8 eggs were picked up in a medium without BSA but containing 0-1% hyaluronidase (from bovine testes, type I: Sigma Chemical Co., St Louis, MO, U.S.A.), freed from cumulus cells, which still surrounded the eggs, by repeated passage through a fine pipette and mounted in toto with slight compression between a slide and a coverslip (Chang, 1952) . After fixation with 25% acetic alcohol for 2-3 days, the eggs were stained with 1% aceto-orcein and examined by phase-contrast microscopy for evidence of sperm penetration. The interval between picking up of the eggs to fixation was less than 15 min.
Results
In one experiment, one egg was picked up from the medium 15 min after insemination, freed from cumulus cells, placed in the centre of four Vaseline spots on a glass slide and compressed slightly with a coverslip. When the egg was examined under a phase-contrast microscope (20 min after insemination), a spermatozoon whose head had passed through the zona pellucida was observed (PI. 1, Fig. 8 ). However, no signs of sperm penetration into the vitellus of this egg were observed after fixation and staining. 19 (90) 3 16 1 (5) As shown in Table 1 , none of 5 eggs examined 15 min after insemination was penetrated. However, all 9 eggs examined 30 min after insemination were penetrated, and an enlarged sperm head(s) with penetrating sperm tail(s), 1st polar body and activated chromosomes at anaphase II or early telophase II were clearly observed (PI. 1, Fig. 1 ). Very high proportions (90-100%) of the eggs were also penetrated 1-5 h after insemination.
The penetrating sperm tail was still attached to the enlarged sperm head 1 h after insemination (PI. 1, Fig. 2 ), but was detached from the sperm head 1 -5 h later (PI. 1, Fig. 3 ). In all eggs penetrated 3 h after insemination, the sperm head was decondensed and activated chromosomes were at telophase II (PI. 1, Figs 4 & 5). Male and female pronuclei were first observed 4 h after insemination (Table 1 ; PI. 1, Fig. 6 ) and were quite distinct 4-5-5 h after insemination (PI. 1, Fig. 7) . In all eggs at the pronuclear stage, the 2nd polar body was extruded.
The proportion of polyspermic penetration into the vitellus varied from 0 to 60% amongst groups incubated for various times, but did not show any increase with the longer incubation times. Of 12 polyspermic eggs, 9 were dispermie and 3 were trispermic.
Discussion
To our knowledge, this is the first unequivocal evidence of penetration of cat eggs in vitro. The present results show that a high proportion of cat eggs with cumulus cells can be penetrated by epididymal spermatozoa in the modified KRB solution.
Hamner et ai (1970) indicated that cat ejaculated spermatozoa require capacitation which is induced by incubation in utero for as little as 30 min. However, Bowen (1977) showed that spermatozoa from the ductus deferens could fertilize eggs in vitro without in-vivo capacitation, but did not indicate whether the spermatozoa required in-vitro capacitation. In the present study, the interval between insemination and sperm penetration into the zona pellucida was 15-20 min. It seems that this interval is needed for inducing capacitation, including the acrosome reaction (Chang, 1984) , of spermatozoa in the present experimental condition. However, we did not examine whether preincubation of spermatozoa reduces the time of sperm penetration. Further experiments with washed spermatozoa are required to examine the nature of capacitation for cat spermatozoa.
In the rabbit, ovulation occurs within 10 h after mating and the period required for capacitation is 6-11 h for ejaculated spermatozoa in the uterus of the oestrous doe (Chang, 1951 ; Bedford, 1969) or 10-10-5 h for epididymal spermatozoa in a defined medium (Hosoi, Niwa, Hatanaka & Iritani, 1981 ;  Niwa, Hosoi, Öhara & Iritani, 1983 ). The cat is also an induced ovulator and ovulâtes 24-28 h after mating (Greulich, 1934; Sojka et ai, 1970) , but the period required for capacitation is short both for ejaculated (Hamner et ai, 1970) and epididymal (present study) spermatozoa. It is not clear at present why the capacitation time is so short compared with the period between mating and ovulation in the cat.
Since the vitellus of cat eggs is extremely opaque due to the presence of a large quantity of lipid, the eggs must be fixed in 25% acetic alcohol to observe cytological details. However, the zona pellucida is dissolved by this treatment and it is difficult to observe supplemental spermatozoa, if any, in the perivitelline space after staining. In the present study, therefore, the eggs were observed by phase-contrast microscopy before fixation. None of the eggs examined had supplemental spermatozoa in the perivitelline space, indicating that polyspermy is blocked at the zona pellucida rather than at the vitelline membrane in cat eggs.
Successful sperm penetration in vitro of rat (Niwa & Chang, 1975) , cow (Iritani & Niwa, 1977) , pig (Iritani, Niwa & Imai, 1978) and human (Nishimoto et ai, 1982) follicular oocytes after maturation in culture and in-vitro fertilization of hamster and mouse eggs (Niwa, Imai, Kim & Iritani, 1980) have been achieved in a modified KRB solution which was originally developed for in-vitro fertilization of rat eggs (Toyoda & Chang, 1974) . In the present study, cat eggs with cumulus were also penetrated in vitro by epididymal spermatozoa in this medium.
